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XXV.-On the Synthesis of Galena by Means of Thiocarbamide, and 
the Deposition of Lead Xzdphide as a Xpecular Film.. 
By J. EMERSON-REYNOLDS, M.D., F.R.S. 
THIOCARBAJIIDE, or sulphur urea, is now well known to be easily 
desulphurated by certain metallic oxides and hydrates, notably by 
those of silver, mercury, and lead. The products, on treatment with 
a simple oxide, are metallic sulphide, water, and cyanamide- 
RO + CS(NH,), = RS + HZO + CN.NH2. 
When free alkali is present the cyanamide soon changes into its 
polymer, dicyanodiamide. In  using the hydrate of lead shortly after I 
discovered thiocarbamide, it was observed that when the latter was 
heated with an alkaline solution of lead hydrate, the metallic sulphide 
sometimes separated in a galenoid form, and became firmly attached 
as a specular layer to t,he sides of the vessel. 
The best and most uniform results were obtained with a solution 
prepared by dissolving in 1 litre of water 90 grams of sodium hydrate, 
and '75 grams of lead tartrate. The caustic soda is first added to 
about 800 C.C. of water, and the tartrate then digested with the liquid 
until dissolved, when the solution is made up to the volume of 
1 litre. A thiocarbamide solution is prepared by dissolving 1'7 grams 
of the amide per litre. This contains more than t,he necessary propor- 
tion of the sulphur compound to secure the complete precipitation of 
lead as sulphide from an equal volume of the alkaline tartrate solu- 
tion prepared as above stated. 
When a mixture of equal polumes of the two solutions is heated 
in a beaker, and a thermometer is immersed in the liquid, a 
brownish coloration appears when the temperature rises to  38- 
40" C. On continued heating the solution becomes turbid at  
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about 45", while a t  about 50" a specular layer forms at  the bottom 
and sides of the vessel. When the beaker is thoroughly clean 
in the first instance, the adhesion is uniform and strong. At first 
the film is thin, and its lustre silvery by reflected light, though 
brownish by transmission. As the film thickens and loses its translu- 
cency it changes colour, and, when opaque, reflects light of the same 
colour as a brilliant face of a crystal of native galena. The deposi- 
tion of lead sulphide is gradual, even at  the boiling point, in a mix- 
ture of solutions of the strength above given, though it is complete 
after about ten minutes' boiling, and the liquid when filtered is free 
from any trace of lead. The proportion of the sulphide which attaches 
itself to the glass surface is small, as I have not found the weight 
of adherent deposit in the most opaque and strongest films to exceed 
2 mgrms. per square centimeter. The excess of sulphide separates 
as a rery dense and easily washed precipitate. The latter when 
washed and dried possesses the appearance and properties of very 
finely powdered galena. 
The composition of the separated sulphide was sought to be deter- 
mined by conversion into lead sulphate when oxidised by nitric acid. 
This method answered tolerably well with small quantities of mate- 
rial, but proved unsatisfactory when several grams were employed, 
owing to the difficulty in effecting complete oxidation, due to the pro- 
tective action of the sulphate first formed. Thus in two experiment., 
while I obtained 1.86 instead of 1.9 grams of PbSO, in one case, 
another determination gave only 2.9'72 grams of PbS04, instead of 
3.14 grams. 
The best mode of dealing with the sulphide proved to consist in 
dissolving a weighed quantity with the aid of heat in just SUE- 
cient strong and pure hydrochloric acid to effect complete solution. 
Hydrogen sulphide is evolved, and the solution of lead chloride is 
evaporated to dryness and heated carefully over a gas flame, but so 
as to avoid loss of lead chloride. 
2.228 grams of the galenoid sulphide treated in this way gave- 
2.594 grams of PbCl,. 
Theory (for PbS) requires 2.591 grams. 
The slight gain in practice was doubtless due to a trace of sulphur 
separated in the liquid during decomposition of the sulphide by the 
acid in presence of air. 
Thin brownish films, which have been rapidly formed at  com- 
paratively high temperatures, show but little trace of structure when 
examined under the microscope with a good one-fifth-inch object glass. 
But strong specular layers which have been less rapidly deposited 
on smooth surfaces, and exhibit the true galena colour and lustre, are 
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distinctly granular, like the specimens of compact galena familiar to 
mineralogists. On the other hand, strong layers which separated on 
roughened surfaces, very slowly showed numerous minute and bril- 
liant octahedral or tetrahedral faces amongst the apparently granular 
material ; but I have not met with cubic crystals in any of the speci- 
mens hitherto produced. It is scarcely necessary to add, however, 
that octahedral and tetrahedral forms are commonly met with in 
native galena.* 
There is therefore no doubt that the lead sulphide separated by 
thiocarbamide from the alkaline lead solution is identical with native 
galena in composition and in general characters, hence a true syn- 
thesis of the latter in the moist way has been effected. The ease 
with which thiocarbamide separates lead sulphide from alkaline 
solution, suggested the use of the method in ordinary analytical 
operations. I hope shortly to be able to publish the results of experi- 
ments in this direction. 
The deposition of galena on glass can take place in the cold as well 
as when heat is applied, but the process is much slower, and an even 
layer is not always as easily produced. No evidence of decomposition 
is obtained for some hours at  ordinary temperatures, and the change 
proceeds very slowly to completion ; at  low temperatures several days 
may elapse before all the lead sulphide has separated. As might be 
anticipated, deposition is more rapid from concentrated than from 
dilute solutions. 
Articles immersed in liquids from which galena is in process of 
separation, receive, if clean, strongly adherent coatings, which can 
withstand considerable friction with a wash-leather, and under this 
treatment take a fine polish. 
The process of plating? glass articles with galena is best conducted 
in warm liquids. The vessels may be plated externally or  internally, 
in the latter case polishing is of course unnecessary, 
I n  the same way galena can be deposited on porcelain and on 
ebonite or  other material not much acted upon by the alkaline liquid. 
Iron and steel surfaces, if perfectly clean, take good deposits, but the 
* It seems to be necessary to point out that the term " galena " is applied by 
mineralogistu not only to distinct crystals of native lead sulphide, but also to 
" tabular, coarse or fine granular, sometimes impalpable " forms of the mineral (see 
Dana, 5th edition, p. 40), provided only that the specimens exhibit the leaden 
colour and lustre of the crystalline mineral, as distinguished from the brown-black 
and almost lustreless sulphide, commonly precipitated by hydrogen sulphide from 
lead solutions. On precisely the same grounds the compound separated from alka- 
line lead solutions by thiocarbamide would be correctly termed galena, even if I had 
not found it to be capable of assuming crystalline forms.-J. E. It. 
-f The process was protected, but the patent rights have been allowed to 
lapse. 
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adhesion. of the galena to the metal is not sufficiently strong to 
render the layer wear resisting. 
Brass can be easily plated if the proportion of caustic soda in the 
lead solution be increased by one-half, and the highly polished metal 
be immersed in the warm mixture, when the sulphide has just began 
t o  separate. The temperature should then be quickly raised t o  the 
boiling point. If the metal be examined from time to time, the sur- 
face will be found t o  change from a fine rosy-red colour to rich indigo- 
blue, and then to silver-white. If the article be removed at  this 
point, washed and polished, it appears as if nickel plated, but this 
fine surface easily oxidises, especially in a damp atmosphere. If, 
however, the article be not withdrawn but boiled in the liquid for 
fiome minutes, the true galena coating is formed, which polishes 
well to a fine lead-blue colour, and can withstand moderate friction. 
I n  a very damp atmosphere or  one containing ozone, chlorine, &c., 
the polish of the surface of galena is affected, but is easily restored 
by friction with leather, which treatment, however, involves some 
loss of material. 
When once thiocarbamide can be produced at  a Rufficiently cheap 
rate, galena plating may be applied to many useful purposes ; but 
the existing patent rights controlling the production of ammonium 
thiocyanate, from which thiocarbamide is produced, prevent at 
present the use of the latter in quantity. 
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